I. INTRODUCTION
The emerging information and communication technologies are continuously changing the world. As one of the greatest innovations around the world in the 20 th century, Internet continues to reform the people's work and life styles from the social, economic and political perspectives. Also with the Internet penetration, e-business economy has amounted for a great proportion of national economies, not only for developed countries but also for the developing countries. The e-business trading volume of China has reached 3,800 billion RMB, amounting for about 11.1% of China's GDP in 2009 [1] . From 2007 to 2010, China's B2B trading volume has increased with the average percentage of 37.6% [2] . According to the latest survey carried out by China Internet Network Information Center (CNNIC) by the end of 2011, China's Internet population has reached 513 million with a yearly increase of 55.8 million and the penetration rate is 38.3% with a yearly increase of 4% [3] .
The above data about the China's economy and the Internet penetration give us direct perception of the rapid development in China's e-business. Thus it is meaningful to make an empirical study on China's e-business and economy. But from the literature review, only a little research has covered this topic. Yang et.al employed the Douglas Function method to study the relationship between Electronic commerce and economic growth [4] . For making comprehensive analyses at the national and provincial level, no work can be found. Accordingly, this paper attempts to study China's e-business economy from the perspective of Internet penetration. By employing the national and Manuscript received October 10, 2012; revised November 3, 2012. B. Li is with the School of Economics and Business Administration, Shanxi University, Taiyuan, CO 030006, P.R.China (e-mail: libingsxu@ sxu.edu.cn).
X. X. Zhang and H. Gao are also with Shanxi University.
provincial statistical data, this paper will explore Internet penetration effects on China's economy.
II. RESEARCH DATA AND METHODOLOGY
Research data are mostly selected from the reports published by CNNIC and National Bureau of Statistics of China (NBS). Considering the integrity and availability of the longitudinal data, the time range is from 1997 to 2011 at the national level [3] , [5] . The semi-annual data under analysis include some numbers or percentages listed in Table  1 . For example, the variables of "ndomain_cn" and "web" reflect some infrastructural features of e-business while the "popn" and "rpen" reflect the direct Internet penetration. Furthermore, age structure, education structure and income structure can also be reflected by the corresponding variables in the data. Briefly, these data are called Internet penetration indices in this paper. On the other hand, the economy is represented by the GDP. Since the direct e-business data in China such as B2B and B2C trading volume cannot form a time series with enough samples, the direct relationship between GDP and e-business can be studied by empirically analyzing the yearly GDP and the above mentioned Internet penetration indices. At the provincial level, some Internet penetration indices can also be obtained, which can reflect the infrastructural features and direct Internet penetration, as shown as in Table  2 . The used data are the cross section data at the end of the year of 2011 [3] and 31 provincial areas are selected, covering most parts of China. The provincial GDP is used to indicate the economic yield in each province.
From the above selected data in Table 1 and Table 2 , the research is conducted in the statistical way by employing regression analysis and factor analysis. As follows, the results are separately shown and discussed at the national and provincial levels.
III. NATIONAL ANALYSIS
The data listed in Table I work as input for regression analysis in SPSS. The independent variables include twelve Internet penetration indices; the dependent variable is gdp. The stepwise method is used to make regression analysis. In the resulted model, the variable of "popn" is entered while the others are removed. By removing the variable of "popn", the other variables emerge as the predicting variables for the gdp. The univariate linear regression results are shown in Table III . As shown in Table III , the R squares and adjusted R squares decrease, meaning the decreasing capability of predicting the gdp by using these indices. The absolute values of standard coefficients also decrease, meaning that the influences from these indices decrease. Table IV shows the results for multivariate regression where the predicting variables are listed and the gdp is the dependent variable. The first model in Table IV shows the relationship between "pop_age_forty", "pop_inc_low" and gdp, reflecting the effects of the age structure and the income structure on the GDP. Besides, the models listed in Table III  and Table IV are evaluated by using augmented Engle-Granger test (AEG) for cointegration [6] . The predicting variable of "rpen" shows the best statistics (AEG = -2.8989) in Table III . The variable group of "pop_age_forty" and "pop_inc_low" shows the best result (AEG = -3.2535) in Table IV . The corresponding critical values are -2.90 and -3.36 at the significance level of 0.10. That is, the regression results cannot pass the AEG test, meaning that the regression models only have weak explanation capabilities for the gdp. But the regression models can still show some points about China's economy. The population of netizens and Internet penetration rate show positive effects on the gdp. For the education structure represented by population percentages of senior high school, junior college, college and above in the netizens, the senior high school percentage shows a positive effect while the junior college and the above show negative effects. The age structure analysis shows that the percentages of the netizens in their forties' or thirties' show positive effects. The numbers of the websites and domain names show positive effects. The low income percentage shows a negative effect. Although the above explanations are not accurate, further research can be conducted on these interesting points.
Furthermore, the twelve Internet penetration indices are studied by factor analysis. Table VI shows that two eigenvalues are greater than I, meaning two significant latent factors exist. Table VII gives the rotated component matrix and Fig.1 . shows the loading graph of the twelve indices. From Table 6, Table 7 and Fig.1 , it can be shown that the two significant latent factors accumulatively explain the 86.1% of the total variance, ten of the indices have greater loading on the horizontal axisFactor 1, which can explain 70.9% of the total variance; the other two indices, that is "pop_inc_mid" and "pop_inc_low", project more on the vertical axis -Factor 2, which can explain 15.1% of the total variance. Factor 2 is related to the income structure of the netizens and "pop_inc_low" has a negative score on this factor. This is similar with the negative effect that the "pop_inc_low" has on the gdp in Table 3 and 4. Factor 1 combines many indices, such as the age structure indices, the education structure indices and the direct Internet penetration indices. This combination actually makes it difficult to clarify this factor.
IV. PROVINCIAL ANALYSIS
The data related to the 31 provinces of China are analyzed as listed in Table 2 . By contrast with national data, these provincial ones only cove the indices that reflect the infrastructural features such as "ipv4", "ndomain", and the direct Internet penetration indices such as "popn" and "rpen". These indices are considered as independent variables while the provincial gdp is the dependent variable. Similar with the national analysis, the following linear regression models can be obtained, shown in Table 8 . The population of the citizens is the most significant index that can predict the provincial gdp.
Furthermore, cluster analysis is made to the provincial indices. The 31 provinces are divided into three groups: Beijing forms Group 2 by itself; three provinces, including Guangdong, Shanghai and Zhejiang, form Group 3; the other 27 provinces form Group 1. These three groups represent the extent to which the Internet penetration indices are high, i.e., the better or less developed Internet penetration. For the limitation of sample scale, the 27 provinces of Group 1 are further analyzed. The regression results are shown in Table 9 . Obviously, most of the Adjusted R squares are larger than the former results in the analysis of 31 provinces in Table 8 . Meanwhile, standard coefficients are also larger, showing that the Internet has greater influences on these less developed provinces. Similarly, the models listed in Table VIII are evaluated by AEG test. The predicting variable "popn" gives the statistics (AEG = -5.0948) while the corresponding critical value is -4.12 at the significance level of 0.01. That is, the AEG test is passed and the population of netizens can explain the GDP well at the provincial level.
The factor analysis is also made for these provincial data. KMO is 0.667 and the Bartlett's test is significant at the level of 0.01 as shown in Table XI, meaning that these provincial indices are still basically suitable for factor analysis. Two factors emerge as significant ones that can accumulatively explain 91.5% of the total variance as shown in Table X . As shown in Fig.2 , the loading graph illustrates the provincial indices' loading on the two significant factors (horizontal and vertical axes). Since several indices fall in the circular area, it is difficult to clarify the explanation of the two factors. But from the indices that are near the axes, Factor 1 is more related to infrastructural features while Factor 2 is more related to the population of the provincial netizens. Table XII is the loading scores of the indices on the two factors. Table XIII, Table XIV, Table XV show the results for regression on the two significant factors emerged in factor analysis. Model 1 is regression for the 31 provinces and Model 2 is for the 27 provinces in Group 1. As mentioned above, this group is the less developed provincial areas in Internet penetration. Table XIII and XIV show that the regression model for 27 provinces is more fit since Model 2 has a larger R square and F value. As shown in Table XV , Factor 2 is significant at the level of 0.01. Factor 2 has a positive effect on the provincial gdp and this effect is greater for the less developed provinces, which is similar with the former results in Table 8 and Table  9 . In Fig.2 , the variable of "popn" shows greater loading on the vertical axis -Factor 2, that is, to increase the population of the netizons can help to increase the provincial gdp and this effect is greater for the less developed provinces. Thus, one of the meaningful public policies is to popularize the Internet technology and usage for the provincial governments.
The coefficient of Factor 1 is not significant. Besides, the effects of Factor 1 on the provincial gdp are different: in Model 1, Factor 1 has a positive effect; in Model 2, Factor 1 has a negative effect. 
V. CONCLUSION
This paper attempts to make an empirical study of e-business economy in China by using Internet penetration indices and to show the importance of e-business to China's economic development. From the statistical data selected from the semi-annual reports published by CNNIC, the national and provincial analyses are carried out by using the tools of SPSS and Eviews. This paper can be concluded as follows.
At the national level, the population of netizens predicts the GDP well and then is the Internet penetration rate. One percent increase in these variables results in about 0.8 percent of increase in GDP. The other Internet penetration indices also show great influences on the GDP positively or negatively. Regretfully, the results for cointegration test fail to reject spurious regression at the national level. But since the increasing proportion of e-business trading in the GDP, the closed relationship between these Internet penetration indices and e-business can obviously explain their effects on the GDP. Further research should be conducted to provide more evidence. For factor analysis, two significant factors emerge: Factor 1 combines the infrastructural indices, the age structural ones, and the education structural ones; Factor 2 combines the income structural indices.
At the provincial level, only the infrastructural indices and the direct Internet penetration indices can be obtained and studied. The analysis results show their significant contribution to the provincial GDP. Furthermore, cluster analysis is carried on the 31 provinces and the 27 of them form a group with less developed Internet penetration. By analyzing this group, the results show better model fit and greater effects that these indices have on the provincial GDP.
In conclusion this research empirically shows the relationship between China's economy and Internet penetration indices. From this perspective, it can also be seen the great importance of e-business economy in China that deserves more efforts and further study. Future research work can be done in several ways. Since e-business economy is a new economic formation, statistical data related to e-business can only form a short time series without enough observations, especially for the case of China. Thus one way is to study the China's e-business by using panel data analysis. A second way is to further study the structural influences on e-business, such as age, education and income.
APPENDIX
The following appendices contain the Internet penetration indices used for national and provincial analyses in this paper. They are collected and processed mostly from the semi-annual reports published by CNNIC. These data are provided for further reference and research use.
